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SEMICONDUCTOR INTEGRATED CIRCUIT 

Background of the Invention 
[0001] Field of the Invention 

[0002] The present invention relates to a semiconductor integrated 
circuit such as an LCD driver including a voltage -follower power circuit 
which supplies a given voltage to a load in a push-pull manner. 

[0003] Description of the Related Art 

[0004] Some power circuits for conventional LCD drivers employ a 
push-pull method as shown in FIG. 5. The power circuit shown in FIG. 5 
includes a first amplifier circuit 100 which supplies a current from a power 
potential Vdd of the high- voltage side to an output terminal by using a p- 
channel transistor of the output stage, and a second amplifier circuit 200 
which allows a current to be absorbed into a power potential Vss of the low- 
voltage side from the output terminal by using an n-channel transistor of 
the output stage. 

[0005] A first potential Vio and a second potential V 2 o, which are 
obtained by dividing a given potential V L of the low-voltage side and a given 
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potential Vh of the high-voltage side by resistors RIO, R20, and R30, are 
applied to the amplifier circuits 100 and 200, respectively. Since the lower 
first potential Vio is applied to the first amplifier circuit 100 and the higher 
second potential V20 is applied to the second amplifier circuit 200, the p- 
channel transistor of the output stage of the first amplifier circuit 100 and 
the nxhannel transistor of the output stage of the second amplifier circuit 
200 generally do not operate simultaneously. 

[0006] However, when the power circuit is activated, the potential 
at each component is unstable. Consequently, the p-channel transistor of the 
output stage of the first amplifier circuit 100 and the n-channel transistor of 
the output stage of the second amplifier circuit 200 may operate 
simultaneously, which can undesirably cause a large current. Moreover, 
another problem is that an output voltage of the power circuit oscillates as if 
to ripple when increasing an offset of the first potential Vio and the second 
potential V20 by increasing the value of the resistor R20. 

[0007] Japanese Unexamined Patent Application Publication No. 
61-79312 describes a DC amplifier comprising an offset adjustment means 
which inputs DC elements included in the output of an amplifier to a 
window comparator, successively sends a control signal to a multiplexer by 
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operating a comparison resistor upon exceeding a certain level, and controls 
the midpoint of the common source resistor of a first stage amplifier. 

[0008] Japanese Unexamined Patent Application Publication No. 
7-106875 describes a semiconductor integrated circuit comprising 
differential transistors, a transistor for current source connected to source 
electrodes connected to each other in the differential transistors, a resistor 
and a current source transistor for current source connected in parallel to 
the above-mentioned transistors, and a comparator which compares voltages 
of both ends of the resistor with a reference voltage and brings its output to 
the two transistors for current source. 

[0009] However, the technologies described in these applications 
are not for controlling push-pull operations of the output stage, but for 
adjusting DC offsets of output potentials. 

[0010] Taking the above-mentioned facts into consideration, an 
object of the present invention is to prevent a large current flowing from a p- 
channel transistor to an n-channel transistor of the output stage when a 
power circuit is activated in a semiconductor integrated circuit comprising 
the power circuit which supplies a given voltage to a load in a push-pull 
manner. 
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Summary 

[0011] To achieve the above-mentioned object, the semiconductor 
integrated circuit according to the present invention comprises a first 
amplifier circuit which receives a first potential and then supplies a current 
to an output terminal; a second amplifier circuit which receives a second 
potential and then absorbs a current from the output terminal; and a control 
circuit which controls the second amplifier circuit so as to allow the second 
amplifier circuit to be activated subsequently to a predetermined period of 
time that elapses after the first amplifier circuit is activated. 

[0012] The semiconductor integrated circuit may further comprise 
a potential generating circuit, which generates a first potential and a second 
potential so as to make the first potential higher than the second potential. 

[0013] In such a semiconductor integrated circuit, the first 
amplifier circuit may comprise a first differential amplifier and a p-channel 
transistor of the output stage, and the second amplifier circuit may comprise 
a second differential amplifier and an n-channel transistor of the output 
stage. 
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[0014] In this case, the first amplifier circuit may comprise a 
transistor which makes the p -channel transistor of the output stage cut off 
according to a first control signal in a first mode, and the second amplifier 
circuit may comprise a transistor which makes the n-channel transistor of 
the output stage cut off according to a second control signal in the first and a 
second mode. 

[0015] Furthermore, the first amplifier circuit may comprise a 
transistor which supplies a current to two transistors forming a differential 
pair of the first differential amplifier according to a first control signal in 
the second mode and a third mode, and the second amplifier circuit may 
comprise a transistor which supplies a current to two transistors forming a 
differential pair of the second differential amplifier according to a second 
control signal in the third mode. 

[0016] In the above-mentioned case, the control circuit may, by 
counting a clock signal, make the state of a second control signal supplied to 
the second amplifier circuit change subsequently to a predetermined period 
of time that elapses after the state of a first control signal supplied to the 
first amplifier circuit changes. 
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[0017] According to the present invention comprised as mentioned, 
in the semiconductor integrated circuit comprising a power circuit, which 
supplies a given voltage to a load in a push-pull manner, a large current 
flowing from a p -channel transistor to an n-channel transistor of the output 
stage when the power circuit is activated can be prevented. This is achieved 
by allowing the second amplifier circuit, which allows a current to be 
absorbed into the n-channel transistor from an output terminal, to be 
activated subsequently to a predetermined period of time that elapses after 
the first amplifier circuit is activated, which supplies a current from the p- 
channel transistor to the output terminal. 

Brief Description of the Drawings 
[0018] FIG. 1 shows the structure of a power circuit included in a 
semiconductor integrated circuit according to an embodiment of the present 
invention. 

[0019] FIG. 2 shows a specific example of the first amplifier circuit 
and the second amplifier circuit shown in FIG. 1. 

[0020] FIG. 3 shows a specific example of the control circuit show 
in FIG. 1. 
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[0021] FIG. 4 is a timing chart illustrating operations of the 
control circuit shown in FIG. 3. 

[0022] FIG. 5 is a diagram showing a structure of a conventional 
power circuit. 

Detailed Description 

[0023] An embodiment of the present invention is described below 
based on the drawings. 

[0024] FIG. 1 shows the structure of a power circuit included in a 
semiconductor integrated circuit according to an embodiment of the present 
invention. As shown in FIG. 1, the power circuit comprises a first amplifier 
circuit 10 which supplies a current to an output terminal in accordance with 
a first control signal PS1 bar by using a p-channel transistor of the output 
stage; a second amplifier circuit 20 which absorbs a current from the output 
terminal in accordance with a second control signal PS2 by using an n- 
channel transistor of the output stage; and a control circuit 30 which 
generates the second control signal PS2 based on the first control signal PSl 
bar so as to make the second amplifier circuit 20 be activated subsequently 
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to a predetermined period of time that elapses after the first amplifier 
circuit 10 is activated. 

[0025] A first potential Vi and a second potential V2, which are 
obtained by dividing a given potential Vl of a low-voltage side and a given 
potential Vh of a high-voltage side by resistors Rl, R2, and R3, are applied 
to the amplifier circuits 10 and 20, respectively. The lower first potential Vi 
is applied to the first amplifier circuit 10, while the higher second potential 
V2 is applied to the second amplifier circuit 20. When the power circuit is 
activated, the p-channel transistor of the output stage of the first amplifier 
circuit 10 and the n-channel transistor of the output stage of the second 
amplifier circuit 20 may operate simultaneously because the potential at 
each component is unstable. However, activating the second amplifier circuit 
20 subsequently to a predetermined period of time that elapses after the 
first amplifier circuit 10 is activated, can prevent a large current flowing in 
the amplifier circuits 10 and 20. 

[0026] FIG. 2 shows a specific example of the first amplifier circuit 
and the second amplifier circuit. 

[0027] The first amplifier circuit 10 comprises a differential 
amplifier comprising p-channel transistors QP1 and QP2, and n-channel 
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transistors QN3 and QN4; an n-channel transistor QN5, which turns on and 
off an operating current of the differential amplifier; a p -channel transistor 
QP6 of the output stage; a p-channel transistor QP7, which cuts off the 
transistors of the output stage; and a capacitor CI for phase compensation. 

[0028] When the first control signal PSl bar remains at a low level, 
the transistor QN5 is "off and thereby the differential amplifier is 
suspended, while the transistor QP7 is "on" and thereby the transistor QP6 
of the output stage is cut off. On the contrary, when the first control signal 
PSl bar is turned to a high level, the transistor QN5 is switched on and 
thereby the differential amplifier is activated, while the transistor QP7 is 
switched off and thereby the transistor QP6 of the output stage is activated. 

[0029] The second amplifier circuit 20 comprises a differential 
amplifier comprising n-channel transistors QN1 and QN2, and p-channel 
transistors QP3 and QP4; a p-channel transistor QP5, which turns on and 
off an operating current of the differential amplifier; an n-channel transistor 
QN6 of the output stage; an n-channel transistor QN7, which cuts off the 
transistors of the output stage; and a capacitor C2 for phase compensation. 

[0030] When the second control signal PS2 remains at a high level, 
the transistor QP5 is "off and thereby the differential amplifier is 
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suspended, while the transistor QN7 is "on" and thereby the transistor QN6 
of the output stage is cut off. On the contrary, when the second control 
signal PS2 is turned to a low level, the transistor QP5 is switched on and 
thereby the differential amplifier is activated, while the transistor QN7 is 
switched off and thereby the transistor QN6 of the output stage is activated. 

[0031] FIG. 3 shows a specific example of the control circuit. As 
shown in FIG, 3, the control circuit 30 comprises three flip -flops 31, 32, and 
33. Reset signal input terminals of the flip-flops 31 to 33 each receive the 
first control signal PSl bar. In power save mode, the first control signal PS1 
bar remains at a low level, while flip-flops 31 to 33 each send out a high- 
level signal from their inverted output terminals. 

[0032] FIG. 4 is a timing chart illustrating operations of the 
control circuit shown in FIG. 3. When the first control signal PSl bar turns 
a high level and the power save mode is thereby cleared, the operation shifts 
to safe operation mode. In the safe operation mode, the flip-flop 31 sends out 
a first divided clock signal CK1 by dividing an input clock signal CK into 
two, while the flip-flop 32 sends out a second divided clock signal CK2 by 
dividing the first divided clock signal CKl into two. At the same time, the 
flip-flop 33 synchronizes with a rising edge of the second divided clock signal 
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CK2, turning the second control signal PS2 output from its inverted output 
terminal to a low level. Then, the operation shifts from the safe operation 
mode to normal operation mode. 

[0033] Referring to FIGs. 2 to 4, since in the power save mode, the 
first control signal PS1 bar remains at a low level and the second control 
signal PS2 at a high level, the differential amplifiers and the transistors of 
the output stage in the amplifier circuits 10 and 20 do not operate. After the 
operation shifts to the safe operation mode, the first control signal PS1 bar 
turns to a high level, while the second control signal PS2 remains at a high 
level. Therefore, the first amplifier circuit 10 is activated thereby, while the 
second amplifier circuit 20 is not activated. After the operation shifts to the 
normal operation mode, the first control signal PS1 bar turns to a high level 
and the second control signal PS2 to a low level, so that both the amplifier 
circuits 10 and 20 are activated. 

[0034] When the power save mode is thus cleared, by shifting a 
time for activating the amplifier circuit 10 from a time for activating the 
amplifier circuit 20,a short-circuit current from the transistor QP6 of the 
output stage of the first amplifier circuit 10 to the transistor QN6 of the 
output stage of the second amplifier circuit 20 can be prevented thereby. In 
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particular, when a potential of the output terminal rises, a high potential is 
applied to a gate of the transistor QN6 of the output stage of the second 
amplifier circuit 20 via the capacitor C2 for phase compensation. However, 
making the transistor QN7 remain "on" for a predetermined period of time 
can prevent an excessive current flowing in the transistor QN6 of the output 
stage. Furthermore, since it is unnecessary to increase an offset between the 
first potential Vi and the second potential V2, the problem that an output 
voltage of the power circuit oscillates as if to ripple can be solved. 

[0035] Effect of the Invention 

[0036] As described herein, according to the present invention, in a 
semiconductor integrated circuit comprising a power circuit, which supplies 
a given voltage to a load in a push-pull manner, a large current flowing from 
a p -channel transistor to an n*channel transistor of the output stage when 
the power circuit is activated can be prevented. 

[0037] The entire disclosure of Japanese Patent Application No. 
2002-272471 filed September 19, 2002 is incorporated by reference. 
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